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ABSTRACT 

Of primary interest in this study was the effect of 
general ability on learning. It was hypothesized that students higher 
in qeneral ability would obtain higher posttest scores on the average 
^han lower ability students, and that verbal and figural explanatory 
supplements to minimal instructional materials would reduce the 
rearession of general ability on outcome. It was expected that 
students with higher aptitude scores would obtain higher posttest 
score«i. The effects of a more task-specific aptitude, graph 
processina^ were explored, and involved both immediate and delayed 
learnincT outcome measures, A course in Economics was presented to 
high-school students usina one of three sets of instructional 
materials. Before the course^ participants took a three-hour aptitude 
battery ard were randomlv assigned to treatment. Posttests were 
administered at the end of the course and two weeks later. 
Generalized regression analysis^ was used to assess the effects of 
aptitudes, treatments, and interactions. This study provided evidence 
^hat neither aptitude nor instructional treatment alone can fully 
describe learning outcomes. Further^ instructional supplements, can 
be effective in filling in for student weaknesses and reducing 
differences between hicrh and low ability students. (Author/GK) 
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ural items were greatest in EE. No significant main effects or ATI were 
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In summary, this studv provided evidence that neither aptitude nor instruc- 
tional treatment alone can fully describe lea rnin g outcomes . Interactions 
between them exist and wore demonstrated. Further, instructional supplements, 
whether verbal or figural. can be effective in fiUing-in for student weak- 
nesses and reducing differences between high and low ability students. 

Such supplements, however, must ho used with caution. Reducing the diffi- 
culty of instructional materials may. indeed, enhance immediate learning, but 
these advantag.es mav l;e .■■.lio'" t - I L ved . 
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ATI. rlila Lm, tluM\, Lho l.^)Hl<^'^. place Tor i\*'w ATI rt'fU'ariMi ti) ataiM. 

The hiiLlc i)L' prLor evidence la consiatent with the following hypo- 
thesis: When Instruction places heavy infornicitlon proce^ialn^', burden?} on 
learners, the regression of learning outcomes onto general ability differ- 
ences is relatively steep; able students do well and less able students 
do poorly. In contrast, when an instructional treatment is designed to 
relieve some of the information processing burdens on learners by simpli- 
fying, structuring, or elaborating the learning task, the regression of 
outcome on general ability is relatively shallow; less able students 
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have hiHM\ found; matrhliiK to the liMtiun'M :]LrottKth mlv,lu: bo f)*MU'IU ial 
in some ways, but matching to the learner 'r; weakness nilKht have compensa- 
tory benefits. In one typicai study, for example, Peterson and Hancock 
(1974) taught students the mathematics of network tracing using either 
verbal, symbolic, or figural materials. Aptitude measures were selected 
from Guilford's (1967) system to represent these three content areas. 
Posttests were administered immediately after instruction, and again 

ERIC 



'ifter one and five weeks. The regression on verbal ability was shallower 
in t-he vtirbai treatment than in the figural or symbolic treatments at 
all three testings, suggesting that low verbal students were compensated 
by a verbal treatment. The regressions of outcome on figural and symbolic 
ability were shallower when aptitude matched the instructional condition 
only on the immediate posttest. On both retention measures, regressions 
were steepest for figural and symbolic ability in the figural and symbolic 
treatments, suggesting that one should match to strengths. 

The results of other studies investigating relations between verbal 
and spatial ability in instruction have also been inconsistent. Allison 
(1960) provided instruction on concept attainment tasks using either 
verbal stimuli and semantic solution rules or geometric stimuli and 
classification solution rules. Verbal and spatial aptitude measures 
were used. Those higher in verbal ability did better with verbal con- 
tent; there was no effect for spatial ability. Bracht (1970) taught 
addition of signed numbers using figural or verbal programmed texts. 
Numerical, verbal and spatial aptitudes were measured. There were no 
significant ATI. Markle (1969) taught crystallography using programmed 
texts composed either entirely of words or emphasizing diagrams. The 
pattern of correlations of outcome with verbal and spatial measures was 
similar in both treatments. In a series of studies by Carry (1967), 
Webb (1971), and Eastman (1972), students were taught quadratic inequali- 
ties using materials designed to capitalize on spatial-visualization. 
After reviewing this series, Cronbach and Snow (1977) concluded, "The 
three studies together provide only negative evidence on the possible 
relevance of visualization to a presentation that uses graphs" (p . 285) . 
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On the hasis of these and other mixed results, Cronbach and Snow 
(1977) rejected "the conclusion that spatial treatments demand spatial 
ability and that differentiated Guilford abilities will interact with 
treatments of the same name" (n- 293). They did not rule out the possi- 
bility of positive findings in the future, however, given more powerful 
and penetrating analyses, 

Gustafsson (1974; 1976) also obtained conflicting results in a 
series of studies exploring the verbal vs, figural contrast. Two of 
these studies used a text on polar lights as a verbal treatment; the 
pictorial, treatment was a slightly reduced text supplemented with illus- 
trations. Aptitude measures included a vocabulary test, a reasoning 
test, and a spatial-visualization test. Learning was measured by a short 
answer test and an essay test. Results on the essay test were not con- 
sistent across the two studies. On the short-answer tests in both 
studies, the slope of the regression on verbal ability was steeper in 
the verbal treatment than in the pictorial treatment; students low in 
Gc did best with pictures, especially if they were also high on Gv. 
Students in the third study were taught about the heart and the blood 
circulation system using either illustrated or unillustrated materials. 
Immediate and delayed outcome measures included items assessing verbal, 
pictorial, and spatial criteria. Aptitude measures represented Gc and 
Gv. There were no substantial ATI for the verbal or spatial criteria. 
Although the pictorial treatment was best for everyone, an ordinal inter- 
action indicated that this treatment was least advantageous for students 
high on Gc and low on Gv. 
. More^ recent research has not changed the picture appreciably. James 

and Knief (1978), for example, taught students to deterrr.ine the number of 
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subsets in a set of elements using a treatment designed to capitalize 
on either Gf or Gc. A sum of Gc and Gf scores represented general 
ability, and the difference between the two scores represented the dif- 
ferential hypothesis. A pretest and posttest wove administered. There 
were significant main effects and ATI with the sum, but neither the 
difference score nor any of its interactions were significant. Although 
high ability students, on average, outperformed low ability students, 
the treatment designed to capitalize on Gc reduced their advantage. 

The consistent results for the general-ability hypothesis, and the 
inconsistent results for the differential ability hypothesis, are both 
understandable in hindsight. The wide variety of instructional treat- 
ment contrasts that yield ATI with general ability can be summarized in 
terms of variation in amount of information processing demand, but this 
is only a crude summary, at best. The demand characteristics of differ- 
ent kinds of instruction are not understood in detail, nor is a process 
theory of ability for analyzing task demands in relation to individual 
differences available. Treatments are usually poorly specified, and 
this hampers our pursuit of both the general and the differential-ability 
hypothesis. An enormous range of instructional materials have been 
labeled "spatial" or "verbal" with little thought about their processing 
demands. The presence of figures or pictures does not indicate that a 
treatment requires spatial ability. Diagrams can tax ability but they 
can also compensate for weakness. Similarly, it is insufficient to 
attach global labels to categories of ability. A "spatial" ability test 
does not necessarily measure spatial ability (Lohman, 1979a; 1979b). 
Aptitude measures should be understood in terms of amount and kind of 
processing demand. 

5 . 
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There is not likely to be a simple match of aptitudes and treatments 
(Cronbach and Snow, 1977; Salomon, 1972). Some kinds of instruction 
build upon the learner^s capacities or preferences, requiring students 
to bring possessed abilities to bear in learning. Alternatively, in- 
structional materials may do for learners what they cannot do for them-- 
selves, and so may reduce ability-outcome correlations. Less able 
students might profit from such assistance, whereas able students might 
be turned away by it. Further, learners may substitute abilities they 
possess for those they lack. Thus, graphic problems might be solved by 
either verbal processing strategies or by direct manipulation of lines 
and curves. 

Thus, the inconsistency and complexity of earlier ATI results seem 
due, in part, to the failqre to specify requisite abilities for carefully 
delineated treatments, or to provide a common process ription for 

aptitude and learning tasks. There has also been inadequate considera- 
tion given to the multiple ways in which, aptitudes and treatments might 
be matched. The notion that students of high spatial ability necessarily- 
do better in spatial treatments ignores the complexities of both ability 
and instructional material. 

The Present Study 

The primary hypothesis investigated here related general ability to 
learning. First, students higher in general ability were expected to 
obtain higher posttest scores on the average than lower ability students. 
Further, both verbal and figural supplements were expected to reduc^ the 
slope of the regression of outcame on general ability. The effect^of 
verbal supplements was expected to be greatest on verbal outcome measures 
the effect of figural supplements was expected to be greatest on figural 
outcome measures. 



The present study also explored the differential impact of Gc and 
Gfv on learning. It was hypothesized that students high in either Gc 
or Gfv would learn more than lower ability students. It was further 
hypothesized chat Gc and Gfv would moderate the relations between instruc- 
tion and outcome differently. Verbal supplements were expected to be 
particularly useful to students low in Gc; figural supplements were 
expected to be particularly useful to students low in Gfv. 

Finally, the study was planned to examine long-term as well as 
imraediate learning. A reduction in average scores from immediate to 
delayed posttest was expected. The greatest drop in performance v/as 
expected when instructional supplements were used. By reducing process- 
ing demands, supplements might enhance short-term learning while reducing 
long-term learning. This effect would be particularly evident where 
instructional content and outcome were matched. That is, losses on 
verbal outcome measures would be greater when verbal supplements were 
used than when figural supplements were used; losses on figural outcome 
measures would be greater with figural supplements. 

To summarize, this study assessed the relations among aptitudes, 
instructional supplements, and learning outcomes. Gc and Gfv were the 
aptitudes of particular interest, although more specific aptitudes were 
also included. Instructional materials differed in the use of verbal 
and figural supplements. Outcome measures distinguished verbal from 
figural responses. In general, this study was intended to illuminate 
the relations between aptitude and instructional treatment. 



CHAPTER 2 
METHOD 

/V 2~week course in Economics was presented to high school students 
using one of three sets of instructional materials. Beforehand, partici- 
pants completed a 3-hour aptitude test battery and were randomly assigned 
to treatment. One posttest was administered at the end of the course; 
another was given two weeks later. 

Sample 

Participants were recruited from three Palo Alto, California, high 
schools, Tenth^ and eleventh-grade students responded to an advertise- 
ment in "^a local newspaper and were paid an hourly fee for their partici- 
pation, the initial 3-hour aptitude session included a 10-item screening 
test to eliminate those already familiar with the instructional content. 
Of the 146 students who initially responded, 132 were retained and 
completed the experiment. The final sample included 86 females and 46 
males; 44 participants were assigned to each of the three conditions. 

Treatments 

The basic instruction covered the theory of supply and demand, 
determination of market price, elasticity of supply and demand, and the 
application of these principles to price floors and ceilings, taxation, 
and agricultural problems. Materials were adapted from introductory 
college economics textbooks (Lipsey and Steiner, 1969; Samuelson, 1976; 
Spencer, 1977; Sutton, 1976), but presented at a level appropriate for 
high school. 

The same material was covered in each treatment condition. Treat- 
ments varied, however, in the explanatory displays and the difficulty of 
the processing demands. The three instructional conditions were Minimal 



(MIN), Verbal Elaboration (VE) , and Figural Elaboration (FE) • 

Information in MIN was presented with little redundancy, few 
examples, and limited explanations. Participants were encouraged to 
solve problems on their own and to generate their own explanations for 
facts and principles. Principles were presented with limited verbal 
explanations and figural displays, 

VE covered the same basic information as MIN, but with additional 

verbal material. Examples were given, verbal explanations were presented, 

\ 

and basic concepts were redefined as learners encountered new material. 

Figural content was identical to that of MIN. 

FE also covered the same basic MIN material, but with additional 

graphs and diagrams. Examples and exercises using graphs in problem 

solving were added. Additional verbiage was used only to help students 

understand and manipulate diagrams. The differences among treatments are 
summarized in Table 1. 

Each treatment consisted of eight 50-minute instructional sessions. 
Participants were limited to one instructional session per day. 

Materials 

Aptitude Measures 

Four tests were selected to. measure \Gfv: The Advanced Progressive 

\ 

Matrices Test (Raven, 1962), Paper Folding Test (French, Ekstrom, and 
Price, 1963), Copying Test (French et al.,^1963), and Memory for Designs 
(Grahain and Kendall, 1960). Measures of Gc included the Terman Concept 
Mastery Test (Terman, 1956), Advanced Vocabulary Test V-4 (French et al., 

1963),. and a fill-in vocabulary test adapted from the Wechsler Adult 

\ 

\ 

Intelligence Scale (Wechsler , 1955). The latter consisted of 20 words 



TABLE 1 



Summary of Treatment Specifications 





Treatment 


Component of Instruction 


MIN 


VE 


FE 


General information 


+ 


+ 


+ 


Basic ^ statement of economic principles 








Verbal 






1 


Figural 


1 


1 

+ 


*r 


Explanation of principles 








Verbal 




i 




Figural 








Examples 




+ 




Practice problems 


+ 


+ 




Solutions- t'j practice problems 


+ 






Explanations of solutions for practice problems 








Verbal 




+ 




Figural 






+ 


Redundancy 








Verbal 




+ 




Figural \ 






+ 


Underlining 




+ 





\ 

\ 

\ 



Note> indicates a component present in the treatment 

indicates a component not present or used minimally 
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from the WAIS vocabulary sectior , representing the full range of item 
difficulty. Items were scored using the guidelines presented in the 
test manual. 

A test of graph processing (GRAPH) was designed and administered to 
supplement the broader ability tests. This test measured the ability to 
read graphs and to interpret data presented figurally. Items required 
either translating verbal information to graphs or giving verbal des- 
criptions to interpret graphs. 

Another instrument designed specifically for this study was the 
Cognitive Preference Questionnaire. This questionnaire asked students 
if they preferred learning from verbal material or by reasoning about 
diagrams and figures. Attitudes toward selected instructional features 
and learning strategies were also solicited. 

Instructional Materials ^ 

Three workbooks, corresponding to NIN, VE, and FE, were developed. 
Each workbook was composed of eight 10-20 page packets and introduced 
approximately three new top:'xs. Students worked through the workbook 
in a prescribed manner, answering questions and solving problems in the 
packet. 

Each packet began with a Summary Sheet listing the major topics 
covered in previous sections. In VE and FE, major points were summarized 
in the appropriate mode. Participants in MIN were cued to generate the 
summary for themselve s . , 

The last pages in each packet contained problems relevant to the 
material covered during the instructional session. These Problem Sets 
were included to encourage students who completed the material before. 



the end of the session to review it, thereby equalizing students* working 
t imes . 

Outcome Measures 

An immediate and a delayed posttest were administered after the comple- 
tion of each instructional unit. The two posttests were similar in format 
and content. Each test consisted of 40 items and covered most of the materia 
presented during the instructional period. On each test, 15 items re- 
quired students to answer verbal questions, 15 required students to deal 
with f igural information, and 10 questions required both verbal and 
figural explanations. For these 10 items, the student was asked to indi- 
cate the explanation given first. Within each of these categories, 'items 
required, either the application of principles to solve a problem, or 
simple recall or recognition of information specifically discussed during 
instruction. Response formats included multiple-choice, fill in, and 
short problems. Approximately one hour was alloted to complete each 
posttest. Table 2 lists the parts of each posttest, including item type 
(figural vs. verbal), response format, and the number of items. | 

Procedure 

Instruction began approximately one week after aptitude testing. 
Participants attended one 50 minute session for each of four days during 
the first week of instruction, and for eacli of five days during the 
second week of instruction. Students completed one packet of material 
during each session. Sessions were held hourly between 3 p.m. and 11 p.m. 
on weekdays, and between 9 a.m. and 5 p.m. during the weekend. Students 



Table 2 
Summary of Outcome Measures 



(Hacome Measure 


Description 


Maximum U or Points 


Total Posttest 


Total number of correct items 


AO 


Verbal Total 


Total number of correct verbal items 


15 


Pact 1 


Fill-in verbal items 


10 


Part 2 


Multiple-choice verbal items 


5 


r4^UkUX iOi.ax 


Total niimbPT of cc\TT(^ct f icural items 


15 


Vavt I 


Fill-in figural items ; draw figure 


5 


Part 2 


Fill-in figural item^ interpret figure 


5 


Part 3 


Multiple-choice figural items 


5 


Problems 


Total number of correct problems ; 


10 


Verbal correct 


Number of correct verbal explanations on problems 


10 


^- Figural correct 


Number of correct figural explanations on problems 


10 


Verbal firsca 


Number of correct verbal explanations given first 


10 


Fiijural first^ 


Number of correct figural explanations given first 


10 


Note. Format of Itmuediate 


and delayed posttest was identical 





**Numbers of verbal first and figural first apply only to correct explanations on the problems. 



were allowed to schedule themselves freely except that no more than 30 
students could be accomodated in a single session. 

Upon arrival, students would take a folder bearing their name, and 
remove the appropriate packet. At the end of the session, students 
returned the packet to the investigator, who checked that the student 
had worked on the proper materials. It was not necessary to schedule 
participants in the same treatment for the same hours as all students 
worked individually, ^ 

The immediate posttest was administered to each student after all 
instructional materials were completed. All participants took the immediate 
posttest on the Friday of the second week of instruction. Most partici- 
pants returned for the delayed posttest two weeks later; those who could 
not were scheduled individually for their delayed posttest. All partici- 
pants completed the delayed posttest within 11 to 17 days after the 
immediate posttest. 
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^ CHAPTER 3 
RESULTS 
Descrlpt ivt^ St atl sti c: s 

^^EP i P.Hfj c Me a >s 111: e v> 

Means, standard deviatiious, i-eiiab ill t io.s , and correlation:-' auionv: 
aptitude measures for the entire sanple are presented in Table 3, 
Similar tables for the separate samples in MIN, VE, and FE are presented 
in Appendix A. 

Scores from the two vocabulary tests and the Terman Concept Mastery 
Test were standardized in the total sample and combined to form a com^ 
posite labeled Gc, The Gfv composite included standardized scores for 
Copying, Memory for Designs, Paper Folding, and the Advanced Progressive 
Matrices Test. Although GRAPH showed high correlations with both com- 
posites it was left as a separate third aptitude since it was thought to 
be specifically relevant to this instructional setting. About 42% of 
its variance was estimated to be spe»^ific. 

Tests included in the Gc composite showed higher correlations with 
each other than with measures of Gfv, Copying and Memory for Designs 
had higher correlations with other measures of Gfv than with indicators 
of Gc. As expected, however. Paper Folding and the Advanced Progressive 
Matrices Test, both complex measures of Gfv, showed higher correlations 
with Gc than did Memory for Designs and Copying. 

The Gc and Gfv composites were combined to form two orthogonal 
indices to investigate their combined and differential importance: SUIi, 
the 3um of the Gc and Gfv composites represented general ability, and 
DIFF, Gc minus Gfv represented the ability profile difference. Positive 
values on DIFF thus indicate students higher in Gc than Gfv, and negative 

15 
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Tahle 3 



Meiins, Standard DevlationH, and CorrelatLcna of 
Aptitude Meaaures for Total Sample ~ l^i6) 



Variable 

. _ 


Mean 


S.D. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(H) 


(9) 


(10) 


(11) 


(12) 


(I) Vocabulary Multiple Choice 


15.1] 


A. 5B 


b 

BO 


68 


67 


26 


li 


33 


38 


36 


88 


36 


71 


55 


(2) Vocabulary Fill in 


26.62 


5. 76 




« a 
78 


71 


30 


27 


49 


54 


53 


90 


52 


81 


39 


(J) Terman Concept Mastery 


30.10 


5.10 






78 


36 


32 


49 


54 


56 


89 


56 


83 


34 


(4) Copying 


32.06 


9.41 








88 


37 


49 


53 


40 


35 


79 


65 


-46 


(5) Memory for Designs 


17.00 


2.09 










, a 
60 


31 


37 


38 


26 


68 


53 


-43 


(6) Paper I^'olding 


13-45 


3.50 












o b 
80 


53 


50 


49 


77 


71 


-29 


(7) Advanced Progressive Matrices 


23.64 


5.47 














83 


62 


54 


80 


77 


-27 


(8) GRAPH 


22.64 


5.50 
















«x-a 
86 


54 


62 


66 


-08 


(9) Gc 


.00 


1.00 


















91 


54 


88 


48 


(10) Gfv 


.00 


1.00 




















93^ 


88 


-48 


(11) SUM \ 


.00 


1.76 






















95" 


00 


(12) DIFF 


.00 


.96 
























83" 



Note. Decimals omitted from correlations. 

Reliabilities appear in the n^ain diagonal. 

Reliability estimate coefficient ot^. 

^Split-half reliability estimate. 



lability estimated as composite. 



valuer. Indicate an advantage in Gfv. This proceclure haii advanta^e^ over 
usLng Gc and Gfv directly in the analysis^ (Cronbach and Snow, 1977). Firs 
hypotheses can be urdercid so that the general-ability hypothesis can be 
tested independently from the nore exploratory differential-ability 
hypothesis. Second, SUM and DIFF are uncorrelated , whereas, Gc and Gfv 
usually correlate (r .54 in this study). Thus, using SUM and DIFF 
pro\- ,.es less ambiguous interpretations than using Gc and Gfv directly. 

Although students were randomly assigned, the equivalence of groups 
was checked. There were no significant mean or variance differences 
among the treatment conditions on any of the aptitude measures and only 
minor differences in the pattern of correlations in the three treatments. 
Thus, no systematic aptitude differences among the three groups could be 
identified. 
Outcome Measures 

Reliabilities of the immediate and delayed posttest were estimated 
at .82 and .84, respectively, using coefficient alpha. Correlations 
between total scores and major part scores on the immediate and delayed 
posttests are presented in Appendix B. 

Means and standard deviations for all parts of both posttests are 
reported in Table 4. While treatment differences on the immediate 
posttest were not always large, group averages in VE and FE were consist- 
ently higher on items corresponding to the type of assistance the group 
had received. On the average, students in VE and FE also obtained higher 
scores on the problems than students in MIN. Thus, the mean total post- 
test score was higher for VE and FE than for MIN. 

This pattern was not found in the delayed posttest means, also 
reported in Table 4. Here, MIN showed a slight overall advantage over 
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I ... . 

1 IIUI 


edi a te 




L 






Delayed 1> 


OHt Leat 






'rreatmont 


MJN 




V 




F 




MIN 


VE 


Fli 


Outcome 


Mean 


S .1). 


Me an 


s .u. 


Mci cm 


S .D. 


Mean 




Mean 


S.I). 


Mean 


S . D. 


'I'otaL Post test 


26 . 27 


7 . 20 


29 . S? 






H . UO 


28 . 89 


6 .80 


27.98 


6 . 18 


26.39 


6.39 


verba J total 


10.11 


2.94 


1 1 . 89 


1 .82 


10 .23 


2.11 


10.91 


2.30 


10.09 


1 .96 


10.11 


2; 22 


Part 1 


7 . 43 


1 . 68 




1 '^0 

1 . JVJ 


7 A 1 


1.3/ 


7 .57 


1.93 


6 .9S 


1.61 


7 1 6 


1 7Q 


Part 2 


2 . 68 


1 SR 




1 on 


9 ft 9 


1 11 


3.34 


.96 


3.14 


.85 


2.95 


1 .03 


I'lgural Total 


..57 


2.71 


10.50 




11 .20 


1.71 


11.11 


3.08 


10.82 


2.74 


9.48 


2.81 


Part 1 


3.52 


1.27 


4.09 


1.01 


4.27 


.85 


3.93 


1 .28 


3.84 


1 .01 


3.57 


1.15 


Part 2 


3.95 


1.06 


4.05 


.91 


4.09 


.80 


3.98 


1.15 


3.57 


1 .00 


3.05 


.99 


Part 3 


2.09 


1.14 


2.36 


1.12 


2.84 


1 .03 


3.20 


1.27 


3.41 


1.26 


2.86 


1 .29 


Problems 


6.59 


2.67 


7.14 


2.11 


6.91 


2.17 


6.86 


2.46 


7.07 


2.29 


6.80 


2.54 


0 Verbal Correct 


4.02 


3.24 


5.52 


2.83 


4.09 


3.23 


4.61 


3.24 


5.34 


3.28 


5.14 


3.32 


Plgural Correct 


3.55 


2.97 


3.43 


2.67 


3.64 


2.74 


4.25 


3.37 


4.91 


3.45 


4.95 


3.54 


Verbal First 


2. 14 


2.46 


4.20 


2.83 


2.52 


2.52 


2.25 


2.66 


2.70 


2.75 


2.59 


2.74 


Figural First 


1.80 


2.48 


.98 


1.68 


1.95 


2.06 


2.50 


3.02 


2.48 


2.54 


2.98 


3.14 



VI". auil V\\ i)u (Dial [u>jMl(»Mt Mrort?, TIuks , »illlunu'li i» I ahoral I n^. ami 
a iinp 1. 1 I y h\K I ua r nuM: I.dii (aa lu VM ai\tl KK) appanailly piauhuod Inuiuuliati' 
y^'iLiiM, i iifonnal: Lon act|ul recl l.Uri)UK,h nuch I i\a t:nuU: L^n v^aa not; lasl alutal aa 
W4-il.l. a.s It: waa In MIM. MIN aclaia.L l.y ahowod a ama.l l. av(;raga ^^lin I rom 
ininiodiate to deiayiid teats, while VK and VE allowed loaaea. The ^.^.reateat 
loaaes occurred when treatment and post test item type were alike, Tliat 
is, the greatest losses on verbal items appeared in VE; the greatest 
losses on figural items appeared in FE. 

On the immediate posttest, there were small differences among groups 
in the type of explanation given on the problems. On average, students 
in VE gave correct verbal explanations more frequently than did students 
in either MIN or FE. Verbal explanations were also more likely to be 
given before figural explanations by students in VE. Similarly, in FE, 
correct figural explanations to the problems were, on average, given 
before verbal explanations. Similar trends were found on the delayed 
posttest. 

Correlations Between Aptitude and Outcome 

Table 5 gives selected correlations between outcome and aptitude 
measures. (See Appendix C for complete correlation matrices.) 

Significant correlations between SUM and all outcome measures 
appeared in all treatments, while correlations for DIFF never differed 
from zero. The correlations between total postl:ests and SUM were similar 
in the three treatments , but par t scores on the immediate posttest 
showed some variation across treatments, particularly when item type and 
treatment matched. So, for example, SUM and the immediate verbal total 
correlated . 50 in VE, but .74 and .72 in MIN and FE, respectively. 
Similarly, SUM and the immediate figurpl total correlated . 50 in FE, but 
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MIN 


" ~ . .^ Apl f Liulti 
Oil t c oiiR^ Mc! a ii n r o ^ - 
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SUM 




I)L TF 


1 UntlU 't 1 1 ;1 t h h iiu f- 
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Totitl Score 


83* 


04 


Verbal Total 


74* 


-05 


FLgural Total 


68* 


04 


Problems 


73* 


13 


Dcilayed Potittest 






Total Score 


78* 


03 


Verbal Total 


54* 


05 


FLgural Total 


70* 


-04 


Problems 


77* 


09 



Notcj^ Decimals omitted from correlations 
less than .05 

/ 



CKAIMl 




VM 










SUM 




1) I VV 


(.'HAl'll 


SUM 


1)1 Vi' 




KJ J 


7 










79* 


12 


65* 


A 'X'k 
0 j" 


DU" 


00 


38* 


72* 


05 


65* 


0 J" 


AO ^ 

oy " 


-02 


6A* 


50* 


22 


39* 


57* 


59* 


06 


A 7* 


60* 


03 


A6* 


71* 


83* 


00 


62* 


76* 


03 


70* 


38* 


72* 


01 


42* 


52* 


OA 


58* 


76* 


78* 


-07 


61* 


69* 


08 


54* 


65* 


69* 


07 


58* 


70* 


-06 


66* 



. fiM ;liu' . fi') tit Min AWA V(.. Mil I lit: |U»»hl*-ln:j imi llu- (niuK;.ll:Uo » a ( i l: a i , 
, iM I I linin WIIU MIM U«M Vllllialtv MtUlM. ;ll lit Vi: Ult.l 11, rnMtlrwIt.H 

fiiitalliM I It.ut 111 MIN, ihi 1 hi* iU'lav<''l iMntMt'.'ii, I Itr ioiicrhtlltui lu'(vj«-c'ii 

•11 tM .Ut«l I VMM I >. I I I nr. J I VJiifi lat'Kti:i( lit Vl'. 

lowtM; rorri* I at 1 iMiM Ix't w.uMi liXAIMl and ImiiUHllati' <ml(t)iiu* wlu'u 1 1 nii ( vi>»^ -kJ^* 
treatininit. wiu^t' tnad'hiul, On do.laycul [)uMl:t;4'.fil: , t lu'.rt'. Ui^rv only fima I I 

(I i. I roriMioa'.M among t\w. tnuitrntnitiM In t:ho (M)r ri? I at: I (ma ol CKAIMI with ti)tal 
poMtt.o.Mt Hcore and tlio. piohlomM. Tht^ roi: I'l'. 1 at. I on hiMwtMUi t:hc vorbal 
total and GRAPH wan greatcMt tn FK, The f Lgural. tot al and (IKAIMI had the 
large.st correlation in MIN* 

Re^r easLon Analy aes on Ou tj^ome 

Cronbach and Snow (1977) recommended generalized regreHslon analyal 
for investigating ATI. The model for the present ytudy took the form: 

Y=» 4- B3S ^ e^D 4. G 4- T 4- ?.^^ ST 

^DT ^'^ ^GT ^'^ 

where : 

Y = (if^pendent variable 
6q =^ constant term 

B , 6 , 6 = regression coefficients for SUM, DIFF, GRAPH 
S D G 

S, D, G = score oil SUM, DIFF, GRAPH 

» regression coefficient for treatment 
T = orthogonal treatment contrast 

a p 3 e regression coefficients for first-order ATI 
ST* DT' GT ^ 

Two orthogonal contrasts represented the three treatments. The 

/ 

first contrast (Tl) compared MIN with VE and FE (coded 2, -1, -1, 
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I, I uoiitai t I I V , ullU Mill . .itluil All Uinr- ^ ^ i l»v uuiUl 
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.Supfi I I cs iUullycit!:? wtM V «iu.liu I tT»l lilt inliti (iti^l (»a t I ;ntilttn i)|i 
t imittnt i (t I c n\\i\ i\cAii\nu\ purjIlucH. A iaiup up pi DiCiIui o ui\ti ua<s<l, vvllli 
vaiiahltui liUtcMl (uut ( lit^ c!»nu4(loti lit a M|»u»irtc.»l oiilui, /\ii<lMhlf:i tnalit 
urtoi'lu Welti iMItrMcid l»t2loru llci^tittcitU c I T t3 1 ( M , w I I li )'UM uulaioti riia^ 
(iuit ( hii g«ni«i» a I ah I I I t V Uvp*M hua 1 tt . DlKI' warj tiiU«n^n«t ti«Ht to tisal (hi', 
U LI 1 lUuiit lal ah I 1 1 1 V hviMiihouUi. CHAIMI wa?i ( h«Mt <Mittfirtt»! in atiHwaM liu 
jjpucM t Lc. I'Diilrlltut li)u, lihUi[UMultnU ot i Uo [)rupi)i i luii dI llu «^^U('.r^i that 
worti arnu)olattul with n^^Hural autl vl 1 1 Uii out la I alillLVy. Tviwitrnwiit main 
oftectsi wurt5 thun eatcred ti^lnK tliu two orthoKoiial ^MvntraMta. KollowlnH 
all mala eftoctH, HrMt-ordur AIM wtue iaUoriul. Thia ordur wan iiritul tor 
ail depondont varLabLeM, 
l\i tal Scoio Analystui 

The resnltH of t\\o, toyt^ti^Hii low analytRia tor th« limnodLato and dulaytui 
total poatteatu are preaeatcd In Table 6, The porc^tintage of variance 
accounted for reflects the change In the squared multiple correlation 

coefficient as each predictor entered the equation- The F-ratio tested 

2 

whether this change in R was significant using the formula: 

1-R^ /N-K -1 
t t 

where : 
2 

AR =» increment in R2 

» number of predictors in change 

2 2 
R » R for full model 
t 

N =» total sample size 

=» number of predictors in total R^ 
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(|( ( tio V;ill;in»tt In I lit: I inuu:»l I ;t I [Mi;)M< n .m<l .Mil I . -'T I lu; 

I U ( hii .U' 1 -I Vt:.l l«t I I f :> I 

It r.ll tiUMll ui.i I 11 i- ( I r. I J .4. . .luu ( v.l i\i I M I I lu- "'-u 1 in. f in I In-- 

Vi; .iu«l KM rjlinwiMl lilKlii'i 1muul',| t nni > niu<j-i ( Iu4n ilid M t , 1 1 I i im tni. «u 

ht^twoiMi Vr. lUil IK Ui'ir tiul -I I Kii I 1! ^ ,m( . In iimli.iMl, <>ii l lu^ vli'laytMi 
piiMt ! r.'K , MIM 'iliuwi'tl .\ liiKluu- .iv«M.'iH4' (tniii dhl Vi: .lud I'l.. 

IuUt.u! I oiin wiM r r«V'ilnt| In I lu« Ktin*- 1 a 1 ( /*'.»t mnd*?!. 11um\, nn^itiUnl 
aiill/.tut roKrt»M*Hon fot^ i M I iuit m wifliiu rai U ncilnnMit w«m pliitti*«l 
K»*.M)lili'al l.y Inr i n t o rp n» r af I on , 1*lu» SUM X i r*:ii i iinM\i l!\!cunrilin\ wan 
sLat tfi t Leal. 1 y Lku 1 1 J cant (M\ iIh*. linnnHllat** pi)?»tt<»'M, but not oi\ i:h<» 
(iolayed poJittest. ThLs LnteraLtlon a^rounted for ot tin* limnedlatt^ 

posttest varianct^; it 5)hown apt\ically In Figure 1. The relative 
advantage of high ability j^tudents was most pronounced in MTN, In other 
words, VE and FE appeared particularly helpful for low ability students, 
reducing the difference between them and high ability students. Tl\ere 
were smaller treatment differences at the mean and reduced ATls on the 
delayed posttest. 
Part Score Analyses 

Verbal items . The results of the generalized regression analyses 
of verbal outcome measures appear in Table 7. Again, SUM accounted for 
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Table 7 

Suiamary of Stepwise Regression of Verbal Items 







Immediate 


Posttest 


Delayed 


Posttest 


Va r i ah I G 


d.f . 


% Variance 
Accounted For 


F - ratio 


% Variance 
Accounted For 


F - ratio 


Full Model 


11 


D / . J 




40.4 




7.40* 


Aptitude Main Effects 
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41.7 


39.22* 


34.6 




23. 23* 


SUM 
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1 
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.0 
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< i 


34.0 
.2 
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\j i\i\r 11 
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.4 
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Trpntment Main Effects 
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10.0 


14.11* 






2.92 


Tl 
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2.8 


7.90* 


2.9 




5. 84* 
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7.2 


20.31* 


.0 




<1 


First-Order Ail 
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5.8 


2.73* 


2.8 




<1 


SUM X Tl 
SUM X T2 
DIFF X Tl 

r\Tl?l? Y T9 
U Lr r A 


1 
1 
1 
1 


3.4 
1.3 
.7 
.0 


9.60* 

3.67 

1.98 

<1 


.0 
.1 
.0 

.0 




<1 
<1 
<1 
<1 
<1 


GRAPH X Tl 
GllAFH X T2 


1 
1 


.1 
.3 


<1 
<1 


.4 
2.3 




4.63* 


Residual 


120 


42.5 




59.6 
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the largest proportion of explained variance in each posttest. GIVvPI! 
accounted for a significant proportion of variance in the immediate 
posttest, accounting for 4.6% of the variance in it. Students with 
higher aptitude scores had higher outcome scores. DIFF was never signi- 
ficant. 

Treatment main effects correspond to the mean differences shown 
previously. On the immediate posttest, treatment main effects accounted 
for 10.0% of the variance; VE was superior to MIN and FE. Treatment main 
effects accounted for 2.9% of the variance in the delayed posttest, with 
MIN superior to \" uid FE. 

First-order ATI accounted for 5.8% of the variance in the immediate 
posttest; ATI with SUIl accounted for most of this variance. Figure 2 
shows that VE was particularly helpful for low ability students. 

The only significant ATI on the delayed posttest was between GRAPH 
and treatment. As shown in Figure 3, only in FE did students with high GRAPH 
scores outperform students with low GRAPH scores. 

Fifiural Items . Table 8 presents the results of the generalized 
regression analyses for figural items. As before, SUM and GRAPH accounted 
for a significant proportion of the variance on both the immediate and 
delayed posttests. DIFF was not significant, accounting for only .5% of 
the immediate posttest variance and .0% of the delayed posttest variance. 

Treatment main effects accounted for 6.6% of the variance on the 
immediate posttest and 6.0% of the variance on the delayed posttest. 
Thus, on the immediate posttest, VE and FE were superior to MIN, on 
average. FE had a slight advantage over VE. In contrast, on the delayed 
posttest, both MIN and VE were superior to FE. 
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Figure 3. Relation of Verbal Items to GRAPH with 
Unatandardlzed Regression Coefficients 
Shown In Parentheses. 



Table 8 

SuiTimary of Stepwise Regression of Figural Items 







Immediate 


Posttest 


Glayed Posttest 


Variable 


d.f. 


% Variance 
Accounted For 


F - ratio 


Variance 
Accounted For 


F - ratio 


Full Model 


11 


54.3 


12.94* 


62.2 


17.96* 


Aptitude Main Effects 


3 


43.3 


37.86* 


54.2 


57.45* 


SUM 


1 


35.7 


93.65* 
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DIFF 


1 


.5 


1.31 


.0 


<1 


CRAPH 


1 


7.1 


18.62* 


4 3 


13. 67* 


Trp;l^mpn^ Mnln Efft^rts 
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6.6 


8.66* 


6.0 


9.54* 


Tl 
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9.22* 


T2 
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3.93* 
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1.06 


SUM X Tl 
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2.10 
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4.98* 
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1 
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The SUM X treatment interaction was, again, significant on the 
inunediate and not on the delayed posttest. In Figure 4, the ininediate 
regression slope on SUM was shallower in FE than in MIN and VE, FE was 
particularly helpful to low ability students in reducing differences 
between them and high ability students. The mean disadvantage on the 
delayed posttest for students in FE can also be seen. 

Interactions with GRAPH accounted for 1,2% of the variance in the 
immediate posttest, and 1,4% of the variance in the delayed posttest. 
While not significant in the immediate posttest, the interaction suggested 
that FE reduced the advantage of students with high GRAPH scores. On 
the delayed posttest, both VE and FE reduced the advantage of students 
with high GRAPH scores. These relations are shown in Figure 5, 

Proble.ns , As with all other dependent variables, SUM accounted for 
the largest proportion of explained variance in the problems on both the 
immediate and delayed posttests (see Table 9), Although GRAPH was not 
a statistically significant predictor of the immediate posttest, it 
accounted for 1,3% of its variance, and did account for a significant 
proportion of variance (4,9%) on the delayed posttest. Again, the effects 
of DIFF were small. Mo treatment main effects were significant , and the 
only significant ATI was, again, with SUM on the immediate posttest. As 
shown in Figure 6, differences between high and low ability students were 
greatest in MIN, 
Summary of Regression Analyses 

SUM accounted for the vast majority of variance in all dependent 
measures, and GRAPH accounted for significant proportions of variance in 
most. Again, because GRAPH and SUM were correlated, and because SUM was 
entered into the regression analyses before GRAPH, effects associated 
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Table 9 

Summary of Stepwise Regression of Problems 







Immediate 
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.0 


<1 


bIFF X T2 


1 


.1 


<i 


.9 


2.59 


GRAPH X Tl 


1 


.5 


1.11 


14 


1.15 


GRAPH X T2 


1 


.1 


<i 


.1 


<1 


Residual 


120 


54.2 




41.8 





*£< .05 




with GRAPH reflect its specific variance, not variance shared v;ith SUM. 
The differential-ability hypothesis, tested by DIFF was never significant. 

Treatment main effects were significant for the total, verbal, and 
figural scores on both posttests. The immediate posttest showed a gen- 
eral advantage for VE and FE over MIN. VE was most advantageous on 
verbal items, FE on figural items. But this trend was reversed on the 
delayed posttest where students in MIN outperformed those in VE and FE. 
In fact, the lowest mean figural part score occurred in FE. 

All significant ATI on the immediate posttest involved general 
ability (SUM) ; VE and FE reduced the advantage of high ability students. 
This advantage was reduced most in VE on verbal items and in FE on figural 
items. 

Similar relations were not found on the delayed posttest. High 
ability students continued to outperform low ability students on the 
delayed posttest; the relative advantages for students in VE and FE were 
not retained over time. Significant ATI were obtained only with GRAPH. 

Thus, in this study, instruction that was most effective for im- 
mediate learning was not most effective in the long run, ATI effects 
suggested that this shift may have come primarily from low ability students 
who did not retain the additional information that enhanced immediate 
learning. 
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CHAPTER 4 
SUMM.\RV AND CONCLUSIONS 

The present study examined the effects of verbal and figural sup- 
pleTients on learning, and their relation to general abi'ity, Gc and 
Gfv, and a specific graph-processing test* This chapter summarizes 
prior research and the procedures and results of the present study. 
Implications for future research and educational practice are discussed. 

The Research Problem 

Although numerous studies have investigated interactions between 
aptitude and verbal and figural instructional supplements, few consistent 
relations have been established. In some studies, the regression of 
outcome on aptitude was steeper when aptitude and instructional condi- 
tion were matched; in others, the regression was shallower. Some studies 
obtainied similar regression slopes. These relations varied, in part, 
as a function of the delay between instruction and the posttest. Incon- 
sistencies also resulted from not specifying aptitude and treatment in 
sufficient detail or considering all the ways they might be matched. 

The Present Research 

The present study compared the effects of minimal instruction, 
instruction elaborated with verbal supplanents, and instruction elaborated 
with figural supplements. Aptitude was represented by a Gc composite, 
a Gfv composite, and a graph-processing test. The Gc and Gfv composites 
were summed to indicate general ability and their difference was used 
to investigate their differential impact. Immediate and delayed outcome 
measures included verbal items, figural items, ani problems that could be 
solved either verbally or figurally. Learning was described as a function 
of aptitude and instructional material. 
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The Effects o£ General Ability 

On the immediate posttest, students in VE and FE did better than 
students in MIN, suggesting that the elaboration provided in these con- 
ditions helped students learn. Significant ATI suggested that the elabo- 
ration was particularly useful to low ability students. High ability 
fitudents did as well or better in MIN. Thus, the regression of achieve- 
ment on general ability was steepest in MIN and reduced in VE and FE, 

Partitioning of the total test score by item type indicated that 
VE was particularly helpful on verbal items and FE was particularly helpful 
on figural items. Again, significant ATI indicated that these treatments 
were particularly helpful to low ability students. Hence, the regression 
of verbal items on general ability was least steep in VE; the regression 
of figural items on general ability was least steep in FE. 

Examination of, learning outcomes on retention, however, led to 
strikingly different conclusions. While students in MIN were worst on 
average achievement on the immediate posttest, they performed best on 
the delayed test. 

VE and FE provided more information to learners through additional 
explanations and examples. MIN required students to provide this infor^ 
mation for themselves, thereby demanding more active work from learners. 
More able students, capable of doing it, did equally well in MIN as in 
VE and FE. Less able students that could not generate that information 
for themselves benefitted from the assistance. The gains were short-lived, 
however. Active mental work, necessary in MIN, appeared to aid retention. 
Hence, there ^as a greater decline in performance in VE and FE than in 
MIN. This contention was further supported by the observation that losses 
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were greatest when the assistance was most direct:. That is, losses on 
verbal items were greatest in VE; losses on figural items were greatest 
in FE. 

The Differential Effect of Gc and Gfv 

The differential impact of Gc and Gfv as measured in this study, 
did not enter differently into outcome on aptitude relations. This may 
be due, in part, to a failure to adequately distinguish Gc from Gfv. 
That is, measures of Gc and Gfv shared a considerable proportion of 
variance. Reducing that overlap might increase the chance of detecting 
differences in their impact. Thu^, future research in this area must 
strive to do this. 
The Effect of GRAPH 

The instructional materials in this study used many graphic displays. 
Therefore, GRAPH was included as a specific-ability measure. Significant 
main effects were associated with GRAPH at both testings, even after account- 
ing for the effects of general ability. As with general ability, students 
with higher aptitude scores did better. Thus, learning outcomes were not 
fully described by the effects of general ability. 

Conclusions and Implications 

This study provided evidence that neither aptitude nor instructional 
treatment alone can fully describe learning outcomes. Interactions between 
them exist and can be demonstrated. Further, instructional supplements, 
whether verbal or figural, can be effective in filling-in for students 
weaknesses and reducing differences between high and low ability students. 

;Such supplements, however, must be used with caution. Reducing the 
difficulty of instructional materials may indeed enhance immediate learning, 
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but these advantages may be short-lived. In the present study, increasing 
the difficulty of the work required for initial learning appeared co in- 
crease retention. Ihe benefits in iiranediate learning must be weighed with 
the need to ensure that information is retained. 

The implications for educational practice are clear. The present 
study indicated that instruction that enhances immediate learning is not 
necessarily best for retention. Ultimately, educators must be concerned 
with how much information is retained and not limit their concerns to 
immediate outcomes. Thus, not only must achievement be assessed at more 
than one point in time, curricula must be developed to promote long-term 
learning. The current emphasis on testing after only short delays should 
be reconsidered. 

Additional research is necessary to confirm the findings of this 
study and support these contentions. ATI research is one avenue for ex- 
ploring this area, but it should be supplemented with more basic research 
in information processing. Improved methods of distinguishing Gc from Gfv 
are required to explore their differential impact on learning. These 
methods may emerge as we gain a better process understanding of these 
abilities through further research. 

Finally, researchers should examine both immediate and delayed ouc- 
comes, and attempt to identify instructional conditions likely to promote 
long-term retention. At a minimum, delayed outcome measures may be added 
to instructional research conducted in different contexts. Additional, 
more directed research may probe more deeply" the relations among instruc- 
tional materials, immediate learning, and retention. The present study 
suggests that we cannot limit research to immediate outcomes if we are 
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truly interested in the long-term impact of instruction. 

In conclusion, this study examined the relations among aptitude, 
instruction, , and learning. IVlUle it: provided data to help answer some 
questions in this area, it raised many others that only future research 
may resolve. 
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APPENDIX A 

MEANS. STANDARD DEVIATIONS, AND CORRELATIONS BETWEEN ATTITUBES 
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